I n t r o d u c t i o n

I n
Whereas ferromagnetic and spin wave resonances in single-layered films have been studied for a number of years [I], few studies of such resonances in multilayerfilms have been reported. We have used ferromagnetic resonance techniques to determine the basic parameters of these films.
Theoretically, the FMR and spin wave spectra of samples with layers of alternating magnetizations MI and M2 were calculated. Experimentally, multilayerfilms of Ni/Fe/Ni/Fe -were fabricated and their FMR spectra observed. Combining theory and experiment, values of saturation magnetizations 47rM and gyromagnetic ratios 7 of the layers can be determined. 
l.jOJ
For the uniform precessional mode, the exchange term
Ha(Oe)
is absent and 4 T M I , and 7 1 are given by: 
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Similarly, expressions for 4 K M~ and y z can be found. 3. E x p e r i m e n t
I
Multilayer films were deposited at the Torr range without breaking vacuum between successive layer depositions by using multiple sources. Ferromagnetic resonance spectra of these samples were measured at 10.84 GHz. Figures 1 and 2 show some typical absorption spectra of as-deposited films with the applied field parallel and perpendicular to the film plane, respectively. The corresponding sample is composed of eight Ni/Fe/Ni/Fe -layers, each 86 Angstroms thick. Layer thicknesses were controlled by a timed shuttering system and monitored in situ by a crystal thin film thickness monitor. 
Discussion
The FMR spectra were measured for as-deposited films, deposited without substrate heating to avoid significant diffusion between layers in order to preserve their superlattice nature; a substrate temperature of 27 OC during deposition was observed. Actually, some diffusion between layers is unavoidable. For example, for the rare-earth/Co multilayer system sputtered at 80 OC, Webb et al. have found that due to the diffusion of a relatively small amount of Tb into Co, an interface Co-rich layer of 20-30 A thick exists [2] . Indeed, even for Ce/Ni layers vacuum-deposited onto a kapton TM polimide substrate cooled by a coppy plate in contact with a liquid nitrogen bath, an amorphous interface layer still exists [3] . For the Ni/Fe layers discussed here, a subsidiary peak in the FMR spectra should have been observed for the interface layer if it is of appreciable thickness. The absence of this subsidiary peak may be due to small interface layer thickness in this system or due to its broad linewidth since amorphous alloys usually exhibit larger linewidths than their crystalline counterparts.
It is possible that a state of high interface stress exists at the boundary planes between layers and between layer and substrate which can significantly alter the magnetic states of the constituent layers via magnetostriction [4] . In this respect, the 47rM values deduced from FMR measurements should be considered as effective values. Presumably, these stresses can be partially removed by annealing but again diffusion may occur between layers of different composition during the thermal anneal. Furthermore, as the layer thickness decreased toward zero, the intersurface energy can become significant relative to the layer exchange energy. This can also lead to a decrease in 47rM. According to Riedi who measured the pressure and temperature dependence of the magnetic properties of nickel, the decrease in magnetization is due to spin wave excitation, although the large decrease remains a mystery [5] . It is possible that disorder due to stress and amorphorticity contribute to the excitation of spin waves. Clearly, it would be interesting to measure the effect of stress on the X-ray diffraction spectrum of the sample, but we are not certain that the spectrum due to superposition of crystalline and amorphous constituents can be easily resolved.
At the resonance of a given layer, the neighboring layers are non-resonant. Due to exchange coupling of layers at their boundaries, the spins at the resonant layer surfaces can be pinned. This should give rise to spin wave resonances but they are so far removed from the uniform mode because of small layer thickness 6 that they are not observable.
[ [4] This view is supported by some experiments by D. Wallace in our Iaboratory where it was found that the annealing of a 663 A as deposited nickel film in argon to 330 OC for one hour raised the saturation magnetization from 4,126 Gauss to nearly the bulk value of 6,090 Gauss, as measured by FMR and SQID. No such change in magnetization was observed for 80/20 magnetostriction-free Permalloy. Thus, significant reduction of 47rM due to oxidation prior to FMR and SQID measurements is not likely.
[5] Riedi, P. C., Phys. Rev. B 20 (1979) 2203.
